Introduction: Falls are among the most common and serious problems facing elderly women. Falling is associated with increased mortality, morbidity, reduced functioning, loss of independence and hospitalization. Objective: The aim of this study was to investigate the association among fear of falling, muscle strength, and functional abilities in community-dwelling elderly women. Methods: Forty-nine elderly women (70.57 ± 5.59 years) participated in this study. Records of falls, self-efficacy associated with falls (FES- 
Introduction
Presenting a prevalent and desolate scenario, many studies have been investigating the risk of falls in elderly people and their interaction with the sensorimotor system, balance, and functional abilities.
(1 -7) The concern with the fear of falling follows the aging process: 51.9% of the elderly population are afraid of falling, presenting a reduced self-efficacy regarding falls (8, 7) . Although women praise themselves for living more, they are more afraid of suffering falls (9, 8) , thus falling more. The female gender is an independent risk factor for falls in the aged population (9, 7) , probably due to the hormonal decline associate with aging, which restricts the protective effect against the loss of muscle mass (1, 10) . Would this life be worth living?
When years of life are analyzed to include falls, functional limitations, and muscle weakness, it is observed that these conditions are increasingly prevalent in the current demography of the Brazilian population (8, 7) . Developed countries, which took one century to grow old present public policies focused on this population, aiming not only for recovery, but also for health promotion in these individuals (9 -11) . In Brazil, the number of elderly people is growing quickly, causing an increase in the number of chronic degenerative conditions (7) .
Loss of muscle strength is a condition related to falls, and is associated with sarcopenia, which is the reduction in the number and size of muscle fibers, especially type II (12, 13) . The most affected muscle groups are the lower limbs, such as knee extensors; plantar flexors and ankle dorsiflexors; and hip flexors and extensors (1, 3, 14) . They limit elderly people from performing simple tasks such as rising from a chair, walking, climbing stairs, and inclining (1, 9, 3) . Muscle weakness and fear of falling have increased the number of falls in the elderly population (1) .
Several physical and psychological consequences might occur after a fall, such as hospitalizations, mobility alterations, restrictions in social participation, a decline in functionality, institutionalization, fractures, and death (15, 7, 16, 13) . A common consequence
Measures of Interest
For research and data collection, the elderly women responded to a questionnaire with clinical and demographic information, and data on falls (number of falls in the last year and related fractures). The selfefficacy related to falls was measured by the Brazilian version of the Falls Efficacy Scale-International (FES-I BRASIL) (15) , which evaluates the concern with the possibility of falling when performing 16 activities, with scores that range from one to four points per activity. The total score is obtained by the sum of the scores in all activities, ranging from 16 to 64 points, where the higher value indicates lower self-efficacy.
The handheld dynamometer microFet2 ® (Hoggan Health Industries, Salt Lake City, UT, USA) was used to evaluate the isometric force of knee extensors (21) ( Figure 1A ) and ankle plantar flexors (Figure 2 ) of the two limbs. For evaluation of knee extensors, the volunteer sat on a stretcher, with hips and knees bent at 90°, popliteal fossa touching the stretcher, and hands resting on the thighs. A cushion was placed five centimeters above the lateral malleolus with feet hanging. The test was initiated with 85º ROM of knee flexion-extension. For evaluation of plantar flexors, the volunteer lay down in dorsal decubitus position on the stretcher, with feet next to the wall. The dynamometer was placed between the wall and the feet, in a horizontal line with the fifth metatarsal, keeping 90º of ankle flexion and complete knee extension to maximize the gastrocnemius' action (2, 22) . The volunteer was allowed to hold the stretcher's sides for stabilization. The dominant limb initiated the test in each muscle group. As a familiarization training, the elderly women made two maximum contractions. Three maximum repetitions held for five seconds were considered for tests, and a oneminute rest interval was given between each effort (11) . Standardized verbal feedback was given by the lead researcher during the strength tests (21, 14) .
The hand grip dynamometer Takei ® (TKK 5401 Scientific Instruments, Tokyo, Japan) was used to assess the bilateral hand strength in kilograms. The test was conducted with the elderly woman comfortably seated, with dorsal support, placed with shoulder adduced, elbow flexed at 90°, forearm in neutral position, and fist extended at 0°. The lower limbs were kept at 90° of hip and knee flexion, with feet flat on the floor ( Figure 1B) (23, 24) . The same measuring after a fall is the fear of falling, but such fear might also be one of the causes of falls (6, 7, 9) . The evaluation of fear is complex and involves several factors associated with behavior and functionality (1, 3, 15, 17 -19) .
When the main conditions that lead elderly people to be afraid of suffering a fall or indeed to fall are known, rehabilitation and preventive planning focused on this population may be initiated. Physiotherapy and physical activity have shown to be allies in the recovery of balance and increase of muscle strength in elderly people, justifying the importance of interventions for the reduction in the incidence of falls (11, 14) . Considering the prevalence of and complications associated with falls, the aim of the present study was to investigate the association among concern with the fear of falling, muscle strength, and functional abilities in elderly women living in the community.
Methods
This is a cross-sectional observational study. Assessments were conducted in the physiotherapy integrated clinics of the University of Itaúna, Center of Interaction for the Aged, and Association of the Retirees of the city. After analysis of the inclusion criteria, the elderly women were invited to participate in the study after signing an informed consent form (ICF). This study was approved by the ethics committee of the University of Itaúna under protocol n. 1.060.158.
The inclusion criteria were: be aged 65 years or older, be female, live in the community, be able to walk without aid of facilitator devices, and have signed the ICF. The exclusion criteria were: not presenting good cognitive status as analyzed by the Mini-Mental Status Examination (MMSE) (20) ; be diagnosed with serious cardiorespiratory diseases, neurological disorders, or balance disorders; report hip, knee, ankle, and/or lumbar pain with a score higher than three in the Visual Analogue Scale (VAS) (21) ; have a disabling musculoskeletal disorder, or range of motion (ROM) limitation in hip, knee, and/ or ankle that would not enable the undertaking of exams, or perform physical activities more than twice a week for at least 30 minutes within the last three months (5).
flexors. This value was multiplied by the force in N, generating torque in N.m (peak force in N x lengths in m = N.m torque) (21) .
Before the beginning of data collection, the three researchers involved were trained in the use of dynamometers, thus establishing intra-examiner reliability rates (25) . The following intra-class correlation coefficients (ICC) were found: knee extensors, ICC ≥ 0.94; plantar flexors, ICC ≥ 0.88, and hand grip ICC ≥ 0.98. procedures adopted with the lower limbs strength tests were followed for the hand grip test.
Peak force values of the lower limbs were recorded in Newtons (N) and transformed into torque, to facilitate comparisons with other studies. The limb length was measured in meters to undertake this conversion. Measure of the knee joint line-up to five centimeters above the lateral malleolus was considered for knee extensors. The ankle joint axis up to the fifth metatarsal line was considered for plantar The Timed Up and Go (TUG) test and the Timed Up and Down Stairs test (TUDS) were applied for evaluation of functional abilities. The TUG evaluates functional mobility and is a test widely used for the elderly population. This measure has high reproducibility and validity in the population of interest, because it effectively evaluates the balance and mobility of elderly people (3, 18, 26) . This assessment consists of recording the time to rise from a chair, walk three meters (or 10 steps), turn around, walk back to the chair, and sit down, everything in the usual speed (26) . The TUDS was applied because it is considered a more challenging functional test for assessing the strength and power of lower limb muscles, especially hip flexors, knee extensors, dorsiflexors, and ankle joint plantar flexors (27) . For the undertaking of this test, the volunteers were asked to climb eleven steps, turn around and go down, coming back to the of interest (mean peak force, functional tests, FES-I, and number of falls) were investigated through a linear regression test, alternating the variables "falls" and "FES-I" as dependent in the regression model. The significance level was determined at α=0.05 (25) . Statistical analyses were processed by means of the Statistical Package for Social Sciences 20.0 software (SPSS).
Results
Forty-nine elderly women participated in the study and carried out assessments as determined. Table 1 presents descriptive information regarding age, anthropometric data, and fracture as a consequence of falls.
As differences in muscle strength between dominant and non-dominant limbs were not found through the repeated measures test (One way ANOVA), only the mean of the three measures of strength of the dominant limb was considered for analysis. According to the results scored in Table 2 , good to moderate correlation of variables associated with functional abilities and strength of lower limbs was found (p ≤ 0.01). Although 41% of the elderly women evaluated had suffered one or more falls in the last year, no correlation between the number of falls and the concern with the fear of falling evaluated through the FES-I was found.
Linear regression models (Table 3) , highlighting the variables "falls" and "FES-I total score" as dependent variables on two occasions showed a moderate negative correlation between knee extensor strength and FES-I regarding the number of falls suffered in the last year. The mean of plantar flexor strength also presented a negative association with the event "falls."
beginning. The use of the handrail was allowed when necessary. A verbal command was given during the whole test to motivate the volunteer. For functional assessments, a digital chronometer was used to measure the time spent to undertake the tests. The elderly women undertook two measures in each functional assessment. All of these tests strictly followed the application measures established and consolidated by the literature (5, 11, 14, 27 ) The devices were properly calibrated and handled according to the manufacturers' instructions.
Data analysis
The calculation of the sample size was based on a previous pilot study conducted with 10 volunteering elderly women submitted to the same methodological procedures as the study. According to the variables of interest, correlation estimates were made to generate the coefficient of determination (p 2 ), to then specify the effect size (ES), originating the parameters necessary to establish the sample size. Considering a non-directional analysis, with a significance level of α = 0.05 and a statistical power estimated at 0.70(25), a group of 49 volunteers was established (28) . The G-Power © 3.1.9.2 statistical software (Franz Faul, Universität Kiel, Germany, 1992 -2014) was used for calculation of the sample size.
The values were presented through descriptive statistics, including indexes of measure of central tendency (mean), dispersion (standard deviation), ratio, and limits (maximum and minimum). The Shapiro-Wilk test was used to check normality of data. The one way ANOVA test was used to compare dominant and nondominant limbs. Correlation analysis among variables 
Discussion
Many motor skills are neglected during the process of aging, restricting daily life activities (3, 18) . Considering that falls present a multifactorial range (9), the concern with the fear of falling in elderly people exponentially limits the performance of usual tasks that demand multiple interactions of the sensorimotor system (6). Many of these tasks involve integrated systems that require great amplitude of movement, muscle strength, visual acuity, time of reaction, and balance to reach the target (1 -5) . Contradicting the hypothesis of the present study, the concern with the fear of falling and falls did not influence the performance of tasks that involve muscle strength and functional mobility, as evidenced by the TUDS and TUG tests, respectively. Nonetheless, there was a correlation between the muscle strength of knee plantar flexors and extensors with the occurrence of falls in the previous year.
Some activities of daily life, such as shopping and cleaning the house, involve the ability to climb and descend steps, incline, crouch, and kneel down (3, 17, 29) . Limitations in performing these functions considerably restricts the elderly's life activity and social participation (3, 17) . Considered an advanced activity of daily life, the TUDS is a geriatric assessment that presents a significant value, because it can show functional difficulties with more precision than walking tests (14, 27) . The more years of life are accumulated, the more difficult it is to climb steps (18, 29) . The step height is a risk factor regardless of falls, and 11% of falls in elderly women occur while they are climbing stairs (17) . From the seventh decade of life, difficulties in climbing and descending steps stand out (29) . Therefore, preserving this function is essential for maintaining functional independence (3, 17) .
In addition to presenting more fear of descending stairs and using the handrail more than men (9), elderly women also present more difficulty in climbing and descending stairs (29) . According to Herman et al. (9) , elderly women are more anxious, more depressed, and present more balance alterations. Moreover, what is most concerning is that elderly women fall much more than men (32% against 17%, p = 0.006). In the present study, 41% of elderly women had suffered one or more falls within the last year. In addition to the occurrence of falls, women may lose 39% of muscle strength, which becomes significant from the fourth decade of life. Increase in time to complete the TUG may be observed from the fifth decade of life (1) . All of these factors justify the choice of the sample's gender in this study.
Climbing and descending steps involve three requirements: [1] concentric strength to climb steps; [2] eccentric strength to descend steps, keeping the center of mass at the support base in harmony; and [3] the ability to adapt to progression and stability strategies (30) . Elderly people have 20% to 48% loss of isometric strength of plantar flexors (2, 5) . Integrity of this muscle group and time of reaction present one strong correlation with the good performance of functional tasks that involve the sensorimotor system (6) . This may be a justification for the correlation observed between the number of falls and plantar flexor strength.
The FES-I-Brazil is a promising instrument regarding the assessment of fear of falling, both in research and clinical practice (15) . Among the variables of interest researched, the FES-I-Brazil showed only one negative correlation with knee extensor strength. Therefore, this instrument was not pointed to as a determinant when identifying causal factors with the concern with the fear of falling. According to Camargos et al., the FES-I-Brazil does not represent a predictive instrument for falls in the strict sense, but it works as an indicator of possible occurrence of falls (15) . According to Herman et al. (9) , assessment of fear and/or risk of suffering a fall is not an ideal classifier of falling in a sample of healthy elderly people such as those in the present study, which might generate a ceiling effect (9) . The risk of suffering a fall increases linearly with the number of risk factors associated. If the elderly person presents four or more factors, the risk of falling is 78% (16) . This result highlights the importance of researching the fear of falling with other factors such as muscle strength and functional tests, such as those researched in the present study.
Assessment of muscle strength of knee extensors is common in studies involving elderly people, as an independent variable associated with accidental falls and fractures. (1;14) Correlation between the strength of knee extensors and concern with the fear of falling (r = -0.52; p ≤ 0.01), and also associated with the number of falls (r =-0.53; p ≤ 0.05) was found in the present study. Strength evaluation of knee extensors in the elderly population must be methodical, as an alternative to identifying sarcopenia and risk of falls (1, 14) . Scott et al. used a cutoff point < 7 .0 kg (68.64 N) in their experiments to handle sarcopenia, which is determined by quadriceps weakness. Moreover, it was found that elderly people who presented lower strength experienced a shorter period of time between one a fall and another (14) .
Correlation between knee plantar flexors and extensors was found in the present study. In the study by Kubo et al. (5) , correlation between muscle strength and thickness of plantar flexor muscles was lower in elderly people, but the same was not confirmed in knee extensors. Nonetheless, muscle decline was proportional in the two muscle groups. What the authors discussed in this study is that, in the aging process, weakness of knee extensors is associated with muscle atrophy, whereas a decline in neural activation occurs in plantar flexors. According to Hernandez et al. (3) , elderly people who experienced two or more falls during one year presented more difficulty in performing movements such as inclining, kneeling down, and crouching. Consequently, they took more time to undertake the TUG and had much lower strength in plantar flexors and knee extensors (53.9 and 95.9 N.m respectively, p ≤ 0.02). The difficulty in performing these movements is directly associated with the insufficiency of these muscles (p < .01) (1, 3) .
Plantar flexors are the most triggered muscle groups during walks. Walking, especially fast walking, where elderly people present more difficulty in reaching an effective plantar flexor torque, might be affected if there is any limitation of this musculature (31) . Because this musculature controls the body's anteroposterior balance in orthostatic position, its decline is associated with instability and falls (32) . Healthy elderly people present a reduced ability in quickly producing submaximal torque of plantar flexors (4) . Elderly people present a delay in generating torque in knee joints to restore balance. If this ability keeps slowing, not producing a fast and effective torque to recover balance, a fall might be inevitable (32) . The positive correlation between the knee extensor muscles and ankle plantar flexors was evidenced by the results of the present study. This correlation may be explained, as most elderly women accumulated two hours of physical activity per week, but the ideal would be a longitudinal observation to minimize these biases.
Some strengths surpassed the limitations. A digital portable dynamometer to measure strength was used in this study. Widely used, of easy applicability and consolidated relevance, this device provides significant results, both for research and clinical practice, not differing from the isokinetic dynamometer, which is the gold standard (21, 33, 34) . Reliability tests were applied, ensuring accuracy in assessments. Rigorous correlation criteria considered by Portney and Walkins (25) were estimated for statistical analysis. Cohen (28) presents more flexible correlation criteria, where 0.5 is significant, 0.3 is moderate and 0.1 is slight.
Conclusion
The report of falls is frequent in elderly people's lives. As found in the results of the study, falls are associated with the reduction in knee extensor and plantar flexor strength. The higher the concern with the fear of falling, the lower the strength of knee extensors, which indicates the need for a preventive rehabilitation aimed at strengthening lower limb muscles, especially knee extensors. because balance and resistance exercises improve strength of knee extensors and plantar flexors, as well as of proprioception and the neuromuscular system, by means of contraction and proprioceptive stimulus, in addition to preventing the occurrence of falls in elderly people more than 75 years of age (11) .
Strength in hand grip is an indicator of global strength (23) . However, no association between hand grip strength and lower limbs strength was found in the present study. According to Cheung et al., this measure is a parameter predictor of fractures, but it does not present an association with falls (24) . According to the results of the present study, the applied functional tests, TUG and TUDS, presented a positive correlation (r = 0.70; p ≤ 0.01). Other studies confirm this association (1, 18) . The concern with the fear of falling did not present an association with functional tests. The same was found in the study by Herman et al., where fallers did not differ from nonfallers regarding the TUG. Nonetheless, the risk of falls presented a moderate correlation with the TUG (r = 0.42) (9) . In the present study, the mean in seconds to complete this test was 11.38. The cutoff point of 13.5 seconds has been used to identify fallers (19) .
Being aware of the increasing reduction in strength that follows aging (1, 2, 4, 5, 14) , the regular practice of physical activities, including resistance and balance exercises, contributes to the increase in strength of the lower limbs in elderly people who are more than 75 years of age (11) . In the study by Scott et al., handled similarly to the present study, the authors found a reduction of 10% in relative risk of falling for each additional kilogram of knee extensor strength (14) . This result highlights the clinical applicability of the present and previous studies (11, 14) in including, as a need, the work for strengthening muscle extensors to prevent the risk of falls.
This study presents some limitations, such as the sample size. Studies with similar objectives investigated more than 250 elderly people (9, 18, 29) . However, the calculation of the sample was carried out based on a previous pilot study with elderly women, and variables of interest were considered for analyses. The report of falls was based on records of the previous year, as well as the application of the FES-I, which may be a memory bias interfering with correlations (falls and FES-I correlated with functional and strength tests). Guided by the clinical question, the study design was cross-sectional observational,
